Abstract. The study was taken up to investigate the effects of heel heights on lumbar kinematics and the risk of Low Back Disorder (LBD) in females. Nineteen female university students (24.5±3.36 yrs) volunteered in the study. Lumbar kinematics was measured by using Industrial Lumbar Motion Monitor (iLMM). The volunteers were asked to walk for a distance of 50 meters in 3 different given conditions i.e bare foot (Heel 0), with flat heels (Heel 1) and with high heels (Heel 2). Heights of Heel 1 and Heel 2 were 1.5±0.84 cm and 5.5±1.70 cm respectively. The Lumbar kinematic parameters studied were-Average Twisting Velocity (ATV), Maximum Sagital Flexion (MSF) and Maximum Lateral Velocity (MLV). It was observed that all the above mentioned Lumbar kinematics -ATV, MSF and MLV increases with increase of heel heights, which in turn increases the risk of LBD. As a result of increase in Lumbar kinematic values with increase in heel heights, LBD risk has also increased. Mean and SD of the LBD risk with Heel 0, Heel 1 and Heel 2 were 16.79±6.04%, 19.00±7.38% and 22.11±6.98% respectively. Lower stature with high heels showed higher risk of LBD than the higher stature with high heels.
Introduction
A shoe is an item of footwear intended to protect and provide comfort to the human foot during day to day life. Today shoes are not just what we wear on our feet for protection, they are a fashion statement. Though shoes were originally intended to protect one's feet from various elements, today the shoe has evolved from its practical origins to grandiose heights, and at the highest level is of course, the high heel. Wearing high heels are not only considered as present day fashion and make the user feel taller but also a passion, personal expression, source of authority, sexual independence, mark of flaunted femininity, psychologically empowering and joy. It is a proven fact that high heels change the normal posture and gait of the body that causes health hazards, leading to back problem. High heel shoes put the foot in a plantar flexed position, which increase the pressure on the forefoot (ball of foot and toes) [4] . The lower part of the body leans forward and to compensate and balance, the upper part of the body leans backward. This disturbs the normal s-shaped curve of the spine [2, 5] . Wearing high heels cause lumbar spine flattening and a posterior (backward) displacement of the head and thoracic spine. This poor alignment of the spine leads to its twisting and bending that result in muscle overuse and back pain [2] . High heels are preferred over the flat heels and are normally used with the formal dress by the females all over the world. The purpose of this study was to investigate the effects of heel heights on Lumbar kinematics and the risk of Low Back Disorder (LBD) in females.
Method

2.1
Investigating subjects:
The study was conducted on nineteen young female university students in the age range of 21-27 years. All subjects included were healthy; there were no incidence of serious neurological or musculoskeletal illness or injury at the time of the experiment. None of the subjects was using any prescribed medication at the time of testing. The volunteers were interviewed before inclusion in the study to categorise their activity levels. It was found that all the volunteers were physically active. The study was approved by the Institutional Ethical Committee, University of Calcutta, Kolkata.
Instrumentation
The study was conducted by using Industrial Lumbar Motion Monitor (iLMM), made BioDynamic Solutions, Inc. c/o NexGen Ergonomics, Inc. USA and Ballet 2.0 software, BIOMEC Inc. USA [1] . The iLMM is a tri-axial electrogoniometer that acts as a lightweight exoskeleton of the lumbar spine. It is positioned on the back of a subject directly in line with the spine and attached by harness at the pelvis and thorax. Four potentiometers at the base of the iLMM measure the instantaneous position of the spine in there-dimensional space relative to the pelvis, as the subject performs tasks. Position data from the potentiometers are recorded at 60 Hz, transmitted to an analog-to-digital (A/D) converter, and then recorded on a microcomputer. The data are then processed to calculate the position, velocity and acceleration of the spine in each of the three planes of motion as a function of time. Measurements taken where accomplished through wireless telemetry from the iLMM to a laptop computer.
The iLMM exoskeleton was adjusted for the small, medium and large sized employees. The iLMM was adjusted at neutral position (Zeroing) by keeping it on a flat surface before the experiment for each individual. After adjusting the equipment it was put on the spine of the subject and was fixed on the back of the volunteers to track the motion of the low back in three-dimensional space [ Fig 1] . 
Data analysis
Following data collection, the data were viewed and analyzed using the Ballet 2.0 software. The data were time normalised with respect to the walking and movement of the lumbar. The Lumbar kinematic parameters for each trial with Heel 0, Heel 1 and Heel 2 and corresponding LBD risk were compared. Statistical analysis was performed using the Minitab statistical software.
Results and discussion
The age, height and weight of the subjects have been presented in Table 1 . respectively. The ranges of LBD risk with Heel 0, Heel 1 and Heel 2 were 6 -30 %, 7 -35 % and 8 -39 % respectively [ Table 2 ]. Analysis of the data shows that risk of LBD has marked correlation with Average Twisting Velocity (r = 0.87), Maximum Sagital Flexion (r = 0.47) and Maximum Lateral Velocity (r = 0.70) which are dependent on the stature of the subjects and height of the heels. High-heeled shoes slant the foot forward and down while bending the toes up. The more that the feet are forced into this position, the more it may cause the Achilles tendon to shorten [3] . When the foot slants forward, a much greater weight is transferred to the ball of the foot and the toes, increasing the likelihood of damage to the underlying soft tissue that supports the foot. High heels-because they tip the foot forward-put pressure on the lower back through making the rump push outwards and crushing the lower back vertebrae and contracting the muscles of the lower back and generating LBD [6, 7] .
Comparison of the risk of Risk of LBD with various parameters shows that use of heels and probability of LBD is dependent on the stature of the users. Lower stature with increase in heel heights showed higher risk of LBD in comparison to the higher stature with high heels [ Table 3 ]. Table 3 ]. This indicates that females upto their average Indian heights (152 cm) are more prone to develop LBD with regular use of high heels but the females above 152 cm is lesser prone to develop LBD with high heels.
Conclusion
A high heel shoe put the foot in a plantarflexed (foot pointed downward) position, placing an increased amount of pressure on the forefoot. This causes the user to adjust the rest of the body to maintain proper balance. The lower part of the body leans forward and to compensate for that, the upper part of the body must lean back to keep the user balanced. This shift in posture form the normal posture develops the risk of LBD. Females upto their average Indian heights (152 cm) are more prone to develop LBD with regular use of high heels but the females above 152 cm is lesser prone to develop LBD with high heels. But despite the adverse consequences high heeled shoes are popular as they are elegant and fashionable. If it is not possible to avoid high heels altogether, it is suggested that the high heeled shoes should not be used regularly, flat heel should also be used at frequent time. This will not only reduce the risk of LBD but also prevent shortening of calf muscle and stiffening of tendon in the ankle, which will prevent leg pain among the high heel users.
